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Abstract 
5HFHQWZRUNKDVGHPRQVWUDWHGWKDWWKHSRO\NHWLGHQDWXUDOSURGXFW$XURGR[IURPStreptomyces
goldiniensis LVDEOHWREORFNWKHSDWKRJHQHVLVRIWKHPXULQHSDWKRJHQCitrobacter rodentium ,Q
WKLV ZRUN ZH DLPHG WR DLPHG JDLQ D EHWWHU XQGHUVWDQGLQJ RI WKH PHFKDQLVP RI DFWLRQ RI WKH
FRPSRXQG:HVKRZ WKDW$XURGR[GRZQUHJXODWHV WKHH[SUHVVLRQRI WKH7\SH7KUHH6HFUHWLRQ
6\VWHPV RI HQWHURSDWKRJHQLF DQG HQWHURKDHPRUKDJLF Escherichia coli )XUWKHUPRUH ZH KDYH
XVHGWUDQVFULSWRPLFDQDO\VLV WRVKRZWKDW$XURGR[ LQKLELWV WKHH[SUHVVLRQDW WKH WUDQVFULSWLRQDO
OHYHOE\ UHSUHVVLQJ WKHPDVWHU UHJXODWRU ler2XUGDWDVXSSRUWDPRGHO LQZKLFK$XURGR[DFWV
XSVWUHDP RI ler DQG QRW GLUHFWO\ RQ WKH VHFUHWLRQ V\VWHP LWVHOI )LQDOO\ ZH KDYH VKRZQ WKDW
$XURGR[ XQOLNH VRPH WUDGLWLRQDO DQWLELRWLFV GRHV QRW LQGXFH H[SUHVVLRQ RI 5HF$ ZKLFK LV
HVVHQWLDOIRUWKHSURGXFWLRQRI6KLJDWR[LQ:HSURSRVHWKDWWKHVHSURSHUWLHVQRPLQDWH$XURGR[
DVDSURPLVLQJDQWLYLUXOHQFHWKHUDS\IRUWKHWUHDWPHQWRIWKHVHLQIHFWLRQV

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Introduction  
(QWHURKDHPRUUKDJLFEscherichia coli (+(& LVD]RRQRWLFSDWKRJHQUHVSRQVLEOH IRU IRRGERUQH
RXWEUHDNV RI GLDUUKRHD ZKLFK FDQ HVFDODWH WR KDHPRUUKDJLF FROLWLV DQG +DHPRO\WLF 8UDHPLF
6\QGURPH+866\PSWRPVRI(QWHURSDWKRJHQLFEscherichia coli (3(&DUHW\SLFDOO\OHVV
VHYHUHKRZHYHUWKLVSDWKRW\SHUHPDLQVWKHOHDGLQJFDXVHRIGLDUUKRHDOGHDWKVLQWKHGHYHORSLQJ
ZRUOG$VZLWKPDQ\RWKHU*UDPQHJDWLYHSDWKRJHQV(+(&DQG(3(&XWLOLVHWKH7\SH7KUHH
6HFUHWLRQ6\VWHP766WRSURPRWHKRVWFRORQLVDWLRQ7KH766LVDQHHGOHOLNHDSSDUDWXV
ZKLFKIDFLOLWDWHVWKHWUDQVORFDWLRQRIHIIHFWRUSURWHLQVWRWKHHSLWKHOLDOFHOOVRIWKHJXW7KURXJKWKH
LQMHFWLRQ RI WKHVH SURWHLQV ZKLFK LQFOXGH WKH 7UDQVORFDWHG ,QWLPLQ 5HFHSWRU 7LU DQG WKH
0LWRFKRQGULD$VVRFLDWHG3URWHLQ0DS(+(&DQG(3(&DUHDEOHWRSRO\PHULVHDFWLQILODPHQWV
DQG IRUP LQWLPDWH MXQFWLRQV ZLWK HSLWKHOLDO FHOOV ZKHUH VHYHUDO RWKHU YLUXOHQFH IDFWRUV DUH
H[SUHVVHG WRGHVWDELOL]HFHOOXODUSURFHVVHV  ,Q WKHFDVHRI(+(&LQIHFWLRQV\PSWRPV
FDQH[WHQGEH\RQGWKHLQWHVWLQHDVVWUDLQVW\SLFDOO\FDUU\SKDJHGHULYHG6KLJDWR[LQV6W[ZKLFK
WDUJHWRUJDQVVXFKDVWKHNLGQH\DQGEUDLQ7KLVRIWHQOHDGVWRWKHOLIHWKUHDWHQLQJFRQGLWLRQ
+86
7KH 766 RI (+(& DQG (3(& LV HQFRGHG E\ WKH KLJKO\FRQVHUYHG /RFXV RI (QWHURF\WH
(IIDFHPHQW /(( ,VODQG  7KLV SDWKRJHQLFLW\ LVODQG HQFRGHV  JHQHV RQ ILYH FRQVHUYHG
RSHURQV DQG LV UHJXODWHG E\ WKH PDVWHU UHJXODWRU /HU ,Q WXUQ ler LV UHJXODWHG E\ VSHFLILF
UHJXODWRUVVXFKDV*UO$DQG*UO5LQDGGLWLRQWRJOREDOUHJXODWRUVZKLFKPHGLDWH/((H[SUHVVLRQ
LQUHVSRQVHWRHQYLURQPHQWDOVWLPXOL
7KHUHOLDQFHRI(+(&DQG(3(&RQWKH766WRLQLWLDWHLQIHFWLRQKDVLGHQWLILHGLWDVDWDUJHWIRU
QRYHO WKHUDSLHV WR ILJKW LQIHFWLRQ7\SLFDOO\ WKHVHDUHSDUWRIDZLGHUDQWLYLUXOHQFHDSSURDFK LQ
ZKLFKWKHDLPLVWRSUHYHQWLQIHFWLRQE\WKHLQKLELWLRQRIDVLQJOHYLUXOHQFHIDFWRUZLWKRXWLQGXFLQJ
DUHGXFWLRQLQJURZWK&XUUHQWO\ WUHDWPHQWRI(+(&LQIHFWLRQVZLWKWUDGLWLRQDODQWLELRWLFV LV
QRW UHFRPPHQGHGGXH WR VWLPXODWLRQRI WKHEDFWHULDO626 UHVSRQVH  ,Q UHVSRQVH WR'1$
GDPDJHFDXVHGE\DQWLELRWLFVWKH626UHVSRQVHSURWHLQ5HF$LVRYHUH[SUHVVHGZKLFKUHVXOWV
LQDFWLYDWLRQRIWKH6W[HQFRGLQJSKDJH+HQFH6W[SURGXFWLRQLVXSUHJXODWHGDQGV\PSWRP
VHYHULW\ LQFUHDVHV$GGLWLRQDOO\ WKHGLVUXSWLRQ WR WKHQDWLYHJXWPLFURELRPHE\EURDGVSHFWUXP
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DQWLELRWLFVFDQKDYHQHJDWLYHFRQVHTXHQFHVIRUWKHSDWLHQW$V(+(&DQG(3(&LQIHFWLRQV
DUH W\SLFDOO\ FOHDUHG QDWXUDOO\ DQWLYLUXOHQFH DSSURDFKHV WR WUHDWPHQW RI (+(& DQG (3(&
UHSUHVHQWDQH[FLWLQJQHZVWUDWHJ\IRUWKHWUHDWPHQWRIWKHVHLQIHFWLRQV,QDGGLWLRQFRPSRXQGV
WKDW GR QRW DIIHFW EDFWHULDO JURZWK RU VXUYLYDO UHGXFH WKH HYROXWLRQDU\ VHOHFWLYH SUHVVXUH RQ
VWUDLQVUHVLVWDQWWRWKHWUHDWPHQWHQKDQFLQJWKHORQJWHUPYLDELOLW\RIWKHWKHUDS\
6PDOO FRPSRXQG LQKLELWRUV RI WKH (3(& DQG (+(& 766 KDYH SUHYLRXVO\ EHHQ LGHQWLILHG
1RWDEO\WKHVDOLF\OLGHQHDF\OK\GUD]LGH6$IDPLO\KDYHEHHQVKRZQWRLQKLELW76LQD
UDQJH RI HQWHULF SDWKRJHQV LQFOXGLQJ (3(& (+(& DQG Salmonella enterica  +RZHYHU
WKHVHFRPSRXQGVZHUHIRXQGWRELQGWRVHYHUDOEDFWHULDOSURWHLQWDUJHWVDQGWKHLUPRGHRIDFWLRQ
KDVEHHQVKRZQ WR UHVXOW IURPV\QHUJLVWLFHIIHFWVDULVLQJ IURPDSHUWXUEDWLRQRI WKH IXQFWLRQRI
VHYHUDO FRQVHUYHG PHWDEROLF SURWHLQV  7KHUHIRUH WKH FRQFOXVLRQ ZDV WKDW DOWKRXJK
HIIHFWLYHWKH6$VZHUHUDWKHUSURPLVFXRXV
6HYHUDODQWLYLUXOHQFHFRPSRXQGVDUHDFWXDOO\QDWXUDOSURGXFWVRIRWKHUEDFWHULDO VSHFLHV 
$XURGR[ D VSHFLDOLVHG PHWDEROLWH RI Streptomyces goldiniensis ZDV VKRZQ E\ .LPXUD HW DO
WRLQKLELWWKHWUDQVORFDWLRQRI766HQFRGHGHIIHFWRUVLQ(3(&ZLWKRXWHIIHFWLQJJURZWKin 
vitro /RZ FRQFHQWUDWLRQV  0 ZHUH VKRZQ WR LQKLELW VHFUHWLRQ DQG DEROLWLRQ RI GHWHFWDEOH
HIIHFWRUSURWHLQVZDVREVHUYHGDW00RUHRYHUWKHHIIHFWRIWKHFRPSRXQGin vivoZDVWHVWHG
WKURXJKWKHXVHRIDCitrobacter rodentiumPXULQHLQIHFWLRQPRGHOZKHUHLWZDVVKRZQWKDWPLFH
WUHDWHGZLWK WKH FRPSRXQG VXUYLYHG OHWKDO LQIHFWLRQV ZLWK OLPLWHGHIIHFWV RQ WKH LQWHVWLQDO WUDFW
$OWKRXJKWKHHIIHFWVRIWKHFRPSRXQGRQ76LQ(3(&ZHUHFKDUDFWHULVHGWKHZLGHUHIIHFWVDQG
WKHPHFKDQLVPRIDFWLRQRIWKHFRPSRXQGZHUHQRWHOXFLGDWHG7KHUHIRUHWKHUHLVDQHHGWR
JDLQDEHWWHUXQGHUVWDQGLQJRIWKHPHFKDQLVPRIDFWLRQRI$XURGR[
$XURGR[ZDVRULJLQDOO\GLVFRYHUHG LQDVDQDQWLELRWLF FRPSRXQGZLWKDQWLEDFWHULDOHIIHFWV
XSRQ *UDPSRVLWLYH SDWKRJHQV VXFK DV Streptococcus pyogenes DQG Staphylococcus aureus
$XURGR[KDVVLQFHEHHQZHOOFKDUDFWHULVHG LQ WHUPVRI LWVEDFWHULFLGDOPHFKDQLVPZLWKD
PLOGHIIHFWXSRQE. coli JURZWK UHSRUWHGXVLQJFRQFHQWUDWLRQVJUHDWHU WKDQPJPO  WLPHV
KLJKHU WKDQ XVHG LQ 76 DVVD\V  JPO  9ROJHO\ HW DO  GHWHUPLQHG WKH FU\VWDO
VWUXFWXUH RI $XURGR[ ERXQG WR WKH (ORQJDWLRQ )DFWRU 7KHUPR8QVWDEOH (IWX RI Thermus 
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thermophilusZKLFKFRQILUPHGWKHLUK\SRWKHVLVWKDW$XURGR[LQLWLDWHGDFRQIRUPDWLRQDOFKDQJHLQ
(IWXZKLFKSUHYHQWHG LW IURPGLVVRFLDWLQJ IURP WKH ULERVRPH EORFNLQJHORQJDWLRQDFWLYLW\ 
7KH OLPLWHG VSHFWUXP RI DQWLELRWLF DFWLYLW\ RI $XURGR[ KDV UHVXOWHG LQ LW EHLQJ UHMHFWHG DV DQ
DQWLELRWLFWRWUHDWLQIHFWLRQVLQKXPDQV\HWWKHGLVFRYHU\RIWKHQRYHO766LQKLELWRU\SURSHUWLHV
VXJJHVWV$XURGR[PD\EHDFDQGLGDWHGUXJIRUUHSXUSRVLQJ
,QWKLVVWXG\ZHFKDUDFWHULVHWKHHIIHFWRI$XURGR[RQ76LQ(+(&2+789(3(&
2+(DQGCitrobacter rodentium,&&GHPRQVWUDWLQJWKDWWKH$XURGR[HIIHFWV
DUHLQGHSHQGHQWRIJURZWK)XUWKHUPRUHZHXVHGWUDQVFULSWRPLFDQDO\VLVWRVKRZWKDW$XURGR[
LQKLELWV WKH 766 DW WKH OHYHO RI WUDQVFULSWLRQ E\ UHSUHVVLRQ RI WKH /(( PDVWHU UHJXODWRU ler
)XUWKHUPRUHZHVXJJHVWDPRGHOLQZKLFK$XURGR[DFWVXSVWUHDPRI/HUDQGQRWGLUHFWO\RQWKH
766 LWVHOI )LQDOO\ ZH VKRZ WKDW $XURGR[ GRHV QRW LQGXFH H[SUHVVLRQ RI 5HF$ ZKLFK LV
HVVHQWLDOIRUWKHSURGXFWLRQRI6W[:HSURSRVHWKDWWKHVHSURSHUWLHVPDNH$XURGR[DFDQGLGDWH
DQWLYLUXOHQFHWKHUDS\IRUWKHWUHDWPHQWRI(3(&DQG(+(&LQIHFWLRQV
Materials and Methods 
Bacterial strains, plasmids and growth conditions: 7KHVWUDLQVXVHGLQWKLVVWXG\DUHGHWDLOHG
LQ6XSSRUWLQJ,QIRUPDWLRQ7DEOH67KHSODVPLGVXVHGLQWKLVVWXG\DUHGHVFULEHGLQ7DEOH6
7RLQGXFH766H[SUHVVLRQ(+(&789ZDVJURZQLQ0(0+(3(66LJPD6W/RXLV02
86$ZLWKJ//JOXWDPLQHDQG(3(&ZDVJURZQ LQ*OXWDPD['0(0 6LJPDDW&DW
USPC. rodentium ZDVDOVRJURZQLQ*OXWDPD['0(06LJPDDQGZDVFXOWXUHGVWDWLFDOO\DW
& ZLWK  &2 *URZWK DQG FHOO YLDELOLW\ DVVD\V ZHUH FDUULHG RXW LQ /\VRJHQ\ %URWK )RU
VHOHFWLRQ RI SODVPLGV FKORUDPSKHQLFRO RU DPSLFLOOLQ ZHUH LQFOXGHG DW  DQG  ȝJPO
UHVSHFWLYHO\
Acquisition and storage of Aurodox: $XURGR[ ZDV SXUFKDVHG LQ LWV SXUH IRUP (Q]R /LIH
6FLHQFHV )DUPLQJGDOH 1< 86$ $  PJPO VWRFN VROXWLRQ ZDV SUHSDUHG E\ GLVVROYLQJ WKH
FRPSRXQGLQ'LPHWK\O6XOSKR[LGH'0627KHRYHUDOOFRQFHQWUDWLRQRI'062ZDVLQ
DOOH[SHULPHQWV:HDOVRSXULILHG$XURGR[GLUHFWO\IURPS. goldiniensis DFFRUGLQJWR%HUJHUHWDO
 DQG IRXQG WKH VDPHHIIHFWV+RZHYHU IRU FRQVLVWHQF\ZHXVHG FRPPHUFLDOO\ DYDLODEOH
$XURGR[
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Analysis of secreted proteins: 2YHUQLJKWFXOWXUHVZHUHXVHGWR LQRFXODWHHDFKVWUDLQ LQWR WKH
DSSURSULDWH SUHZDUPHG PHGLD WR DQ LQLWLDO 2' RI  7KH VWUDLQV ZHUH JURZQ ZLWK
LQFUHDVLQJFRQFHQWUDWLRQVRI$XURGR[WRDQ2' EHIRUHEHLQJFHQWULIXJHGDWUSP
IRUPLQXWHV WRVHSDUDWH WKHFHOOPDVV&HOO O\VDWHVZHUHSUHSDUHGXVLQJ%XJ%XVWHU3URWHLQ
([WUDFWLRQ %XIIHU 0HUFN 1HZ -HUVH\ 86$ 7KH VXSHUQDWDQW ZDV UHPRYHG DQG SURWHLQV
ZHUH SUHFLSLWDWHG E\ WKH DGGLWLRQ RI 7ULFKORURDFHWLF DFLG WR D FRQFHQWUDWLRQ RI  DQG
LQFXEDWLRQRYHUQLJKWDW&7KHVXVSHQVLRQZDVFHQWULIXJHGDWîgIRURQHKRXUWRIRUPD
SURWHLQSHOOHWZKLFKZDVVXVSHQGHGLQ/7ULV+&/S+7KHVDPSOHVZHUHWKHQPL[HG
ZLWK ORDGLQJG\H 1RYH[:DOWKDP0DVVDFKXVHWWV86$DQG UXQRQD6'63$*(
JHO DW 9 IRU  KRXU *HOV ZHUH VXEVHTXHQWO\ VWDLQHG ZLWK &RRPDVVLH %ULOOLDQW %OXH VWDLQ
1RYH[:DOWKDP0DVVDFKXVHWWV86$DQGGHVWDLQHGLQZDWHURYHUQLJKW:KHQUHTXLUHGEDQGV
ZHUHH[FLVHG IRUVXEVHTXHQW LQJHOGLJHVWLRQDQGDQDO\VLV3URWHLQVDQDO\VHGE\ WDQGHPPDVV
VSHFWURPHWU\ZHUHJLYHQD0$6&27VFRUHWR LQGLFDWH WKHSUREDELOLW\RI WKH LGHQWLILFDWLRQEHLQJ
FRUUHFW
Analysis of the effect of Aurodox on in vitro growth and cell viability: 2YHUQLJKWFXOWXUHVRI
(+(&789(3(&(DQGC. rodentium ,&&ZHUHXVHGWRLQRFXODWHPO
(UOHQPH\HUIODVNVFRQWDLQLQJPORI/%EURWKJPO$XURGR[WRDQLQLWLDO2'RI7KLV
ZDVFDUULHGRXWLQWULSOLFDWH$WHDFKWLPHSRLQW/RIFXOWXUHZDVUHPRYHGGLOXWHGLQ/%
PHGLDDQGWKH2'ZDVPHDVXUHGE\VSHFWURSKRWRPHWU\7KHVWDQGDUGHUURUPHDQRIRSWLFDO
GHQVLWLHVZDVFDOFXODWHGDQGDVWDQGDUGFXUYHZDVSORWWHGXVLQJ*UDSK3DG3ULVP7KH OLQHV
ZHUHILWWHGDFFRUGLQJWR:HLOEXOIRUPXODDQGHUURUEDUVZHUHSORWWHGDVVWDQGDUGGHYLDWLRQIURP
WKH PHDQ. P YDOXHV ZHUH GHWHUPLQHG XVLQJ DQ XQSDLUHG tWHVW )RU FHOO YLDELOLW\ DVVD\V HDFK
VWUDLQZDVJURZQ WRDQG2'RIERWKZLWKDQGZLWKRXW$XURGR[DQGFRORQ\ IRUPLQJXQLWV
ZHUHGHWHUPLQHGWKURXJKWKHVHULDOGLOXWLRQPHWKRG
Infection of HeLa epithelial cells with EHEC O157:H7: $ ZHOO WLVVXH FXOWXUH SODWH
FRQWDLQLQJ FRYHUVOLSV ZDV VHHGHG ZLWK  +H/D FHOOV LQ 0(0+(3(6 FRQWDLQLQJ  J/ /
JOXWDPLQH DQG  )RHWDO &DOI 6HUXP 7KHVH ZHUH OHIW WR JURZ RYHUQLJKW ,Q SDUDOOHO WZR
FXOWXUHVRI789SrpsM-gfp JPO$XURGR[ZHUHJURZQ LQPOYROXPHVXQGHU766
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LQGXFLQJFRQGLWLRQVXQWLO2' 7KH+H/DFHOOVZHUHZDVKHGRQFHZLWK3%6EHIRUH/
RIIUHVK0(0+(3(6JPO$XURGR[ZDVDGGHG LQDGGLWLRQWR/RIEDFWHULDOFXOWXUH
7KHSODWHZDVWKHQFHQWULIXJHGDWîgIRUWKUHHPLQXWHVDQGZDVOHIWWRLQFXEDWHLQLWLDOO\IRU
RQH KRXU 6HULDO GLOXWLRQV RI WKH LQRFXOXP ZHUH FDUULHG RXW DQG VSRWWHG RQ WR /% DJDU WR
GHWHUPLQH WKH FRORQ\ IRUPLQJ XQLWV DV DERYH $IWHU WKH LQLWLDO KRXU FHOOV ZHUH ZDVKHG WKUHH
WLPHVZLWKVWHULOH3%6DQG/RIIUHVK0(0+(3(6JP/$XURGR[ZDVDGGHGEHIRUH
LQFXEDWLQJ IRU D IXUWKHU WKUHH KRXUV 7R TXDQWLI\ WKH DGKHUHQW (+(& EDFWHULD RQ WUHDWHG DQG
XQWUHDWHGFHOOVWKHFHOOVZHUHZDVKHGIRXUWLPHVZLWKVWHULOH3%6DQGO\VHGWKURXJKWKHDGGLWLRQ
RI 7ULWRQ LQ3%6 DQG LQFXEDWLRQ DW URRP WHPSHUDWXUH IRU PLQXWHV6HULDO GLOXWLRQVZHUH
VSRWWHGRQ/%DJDUWRGHWHUPLQHWKHDGKHUHQW&)8&RORQLVDWLRQHIILFLHQF\ZDVFDOFXODWHGDVD
SHUFHQWDJH RI WKH LQLWLDO LQRFXOXP 7R YLVXDOLVH WKH LQIHFWLRQV XVLQJ :LGH ILHOG (SLIOXRUHVFHQW
PLFURVFRS\ FHOOV RQ FRYHUVOLSV ZHUH IL[HG ZLWK  SDUDIRUPDOGHK\GH  PLQXWHV DW URRP
WHPSHUDWXUH EHIRUH SHUPDELOLVDWLRQ ZLWK  7ULWRQ LQ 3%6  PLQXWHV DW URRP WHPSHUDWXUH
DQG VWDLQLQJ ZLWK 3KDOORLGLQ $OH[D 7KHUPR)LVFKHU  LQ  GLOXWLRQ  KRXU DW URRP
WHPSHUDWXUH&HOOVZHUHPRXQWHGXVLQJ9HFWDVKHLOGZLWK'$3,DQGVHDOHGZLWKFOHDUQDLOSROLVK
,PDJHV ZHUH DFTXLUHG DW  î PDJQLILFDWLRQ RQ D =HLVV $[LRLPDJHU 0 )RU UHSUHVHQWDWLYH
LPDJHV  ]VOLFHV RI  ȝP ZHUH DFTXLUHG EHIRUH GHFRQYROXWLRQ XVLQJ GHIDXOW VHWWLQJV LQ
=HLVV=HQ3URVRIWZDUH+RVWFHOOVZHUHFODVVLILHGDV LQIHFWHG LIDQ\EDFWHULDZHUHVHHQ WREH
DVVRFLDWHGZLWKWKHP
mRNA extraction: (+(&789ZDVFXOWXUHGDVGHVFULEHGDERYHLQWULSOLFDWHERWKZLWKDQG
ZLWKRXW  JPO $XURGR[ 7KH FXOWXUHV ZHUH PL[HG ZLWK WZR YROXPHV RI 51$SURWHFW UHDJHQW
4LDJHQ 9DOHQFLD &$ 86$ DW URRP WHPSHUDWXUH EHIRUH EHLQJ FHQWULIXJHG DW  î g WR
KDUYHVWDFHOOSHOOHW51HDV\NLW4LDJHQZDVXVHGWRH[WUDFWWRWDO51$EHIRUH785%2'1DVH
$PELRQ &DUOVEDG &$ 86$ ZDV XVHG WR UHPRYH JHQRPLF '1$ )XUWKHUPRUH D
0,&52%([SUHVV P51$ HQULFKPHQW NLW $PELRQ ZDV XVHG WR HQULFK VDPSOHV IRU P51$ 7KH
TXDOLW\ RI WKH P51$ ZDV GHWHUPLQHG XVLQJ DQ $JLOHQW %LRDQDO\]HU  DW WKH 8QLYHUVLW\ RI
*ODVJRZ3RO\RPLFV)DFLOLW\
 o
n
 N
ovem
ber 27, 2018 by guest
http://iai.asm
.org/
D
ow
nloaded from
 
  

  


Transcriptome analysis using RNA sequencing: F'1$ V\QWKHVLV DQG VHTXHQFLQJ ZDV
SHUIRUPHGDWWKH8QLYHUVLW\RI*ODVJRZ3RO\RPLFV)DFLOLW\,OOXPLQD1H[W6HTREWDLQLQJRU
ESVLQJOHHQGUHDGV7UHDWHGDQGXQWUHDWHGVDPSOHVZHUHVHTXHQFHGLQWULSOLFDWH)DVW4&
%DEUDKDP%LRLQIRUPDWLFV&DPEULGJH8.ZDVXVHGWRIRUTXDOLW\FRQWURO5HDGVZHUHWULPPHG
DFFRUGLQJO\XVLQJ&/&*HQRPLFV:RUNEHQFK&/&%LR$DUKXV'HQPDUN7ULPPHGUHDGVZHUH
PDSSHGWRWKH('/UHIHUHQFHJHQRPH1&%,DFFHVVLRQQXPEHU1&BDOORZLQJIRU
PLVPDWFKHVSHUUHDGDQGDWOHDVWUHDGVSHUIHDWXUH$QDO\VLVRIGLIIHUHQWLDOH[SUHVVLRQZDV
SHUIRUPHGXVLQJWKH(PSLULFDODQDO\VLVRI'*(WRROZKLFKLPSOHPHQWVWKH(GJH5%LRFRQGXFWRU
WRRO 'LIIHUHQWLDOO\ H[SUHVVHG JHQHV ZHUH LGHQWLILHG XVLQJ D SRVLWLYH RU QHJDWLYH DEVROXWH IROG
FKDQJHRIDQGDFRUUHFWHGPYDOXHRI IDOVHGLVFRYHU\ UDWHRI*2 IXQFWLRQDO
JURXSLQJZDVVXPPDUL]HGDFFRUGLQJ WR LQIRUPDWLRQDYDLODEOHRQ&ROLEDVHDQG WKH5HJXORQ'%
)LJXUHVZHUHJHQHUDWHGXVLQJ*UDSKSDG3ULVPDQG0LFURVRIW([FHO
In vitro GFP fusion reporter assays:(OHFWURFRPSHWHQW(+(&(3(&DQGC. rodentium FHOOV
ZHUHWUDQVIRUPHGZLWKWKHSURPRWHUgfpUHSRUWHUSODVPLGVOLVWHGLQ7DEOH67KHWUDQVIRUPDQWV
ZHUHLQRFXODWHGLQWRPORIWKHDSSURSULDWHPHGLDDQGFXOWXUHGDVSUHYLRXVO\VWDWHG6DPSOHV
ZHUH UHPRYHG DW LQGLFDWHG WLPHSRLQWV WR WDNH PHDVXUHPHQWV RI RSWLFDO GHQVLW\ 2' 7R
GHWHUPLQHWKHRYHUDOOIOXRUHVFHQFH/RIFXOWXUHZDVWUDQVIHUUHGLQWRDEODFNZHOOSODWH
DQG IOXRUHVFHQFH ZDV UHDG ZLWK H[FLWDWLRQ RI  QP DQG HPLVVLRQ DW  QP XVLQJ WKH
)/82VWDU2SWLPD)OXRUHVFHQFH3ODWH5HDGHUV\VWHP%0*/DEWHFK8.7KLVZDVFDUULHGRXW
LQ WULSOLFDWH 7R GHWHUPLQH WKH QRUPDOLVHG IOXRUHVFHQFH YDOXH WKH EDFNJURXQG IOXRUHVFHQFH
LQWHQVLW\ IURP XQWUDQVIRUPHG FHOOV ZDV ILUVW VXEWUDFWHG DQG WKH VXEVHTXHQW YDOXHV ZHUH
QRUPDOLVHGE\GLYLGLQJIOXRUHVFHQFHE\2'7KHGDWDDUHWKHPHDQRIWKHWKUHHVDPSOHVDQG
HUURUEDUVUHSUHVHQWWKHVWDQGDUGGHYLDWLRQ
Overexpression of ler: (OHFWURFRPSHWHQW (+(& FHOOV ZHUH WUDQVIRUPHG ZLWK S96 SODVPLG
FRQWDLQLQJ ler JHQHXQGHUDQDUDELQRVHLQGXFHGSURPRWHUDQGJURZQRQJPODPSLFLOOLQ$
WUDQVIRUPDQW FRORQ\ ZDV WKHQ XVHG WR SUHSDUH DQ RYHUQLJKW FXOWXUH ZKLFK ZDV VXEVHTXHQWO\
LQRFXODWHGLQWR766LQGXFLQJFRQGLWLRQVDVGHVFULEHGDERYH$W2' DUDELQRVHZDV
DGGHG7KHVXSHUQDWDQWSURWHLQIUDFWLRQVZHUHWKHQSUHFLSLWDWHGDQGDQDO\VHGXVLQJ6'63$*(
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
DVSUHYLRXVO\H[SODLQHG3URWHLQVIRU:HVWHUQEORWDQDO\VLVZHUHUXQRQD%LV7ULVJHODQG
WUDQVIHUUHG WR DQ $PHUVKDP (&/ QLWURFHOOXORVH PHPEUDQH *( +HDOWKFDUH &KLFDJR ,O 86$
XVLQJWKH1XSDJH1RYH[JHOWUDQVIHUV\VWHP,QYLWURJHQ&DUOVEDG&$86$%ORFNLQJZDVWKHQ
FDUULHGRXWXVLQJVNLPPHGPLONSRZGHULQ3%677KHPHPEUDQHZDVWKHQLQFXEDWHGZLWKWKH
DQWL7LU SULPDU\ DQWLERG\ RYHUQLJKW LQ  PLON SRZGHU3%67 EXIIHU DW D  LQ  GLOXWLRQ
$QWLERGLHVIRU*UR(/$E&DPZHUHXVHGDVDFRQWUROIRUEDFWHULDOFHOOO\VLVDWWKHVDPHGLOXWLRQ
7KHIROORZLQJPRUQLQJWKHPHPEUDQHZDVZDVKHGWKUHHWLPHVZLWK3%67IRUWHQPLQXWHVEHIRUH
EHLQJLQFXEDWHGIRURQHKRXUZLWKDQWLPRXVH+53FRQMXJDWHGVHFRQGDU\DQWLERG\DWDLQ
GLOXWLRQLQPLON LQ3%677KHPHPEUDQHZDVDJDLQZDVKHGWKUHHWLPHVZLWK3%67)LQDOO\
WKH PHPEUDQH ZDV GHYHORSHG ZLWK 6XSHU6LJQDO :HVW 3LFR &KHPLOXPLQHVFHQW (&/ 7KHUPR
)LVKHU VXEVWUDWH IRU ILYH PLQXWHV EHIRUH EHLQJ WUDQVIHUUHG WR D GDUN URRP LQ D FDVVHWWH DQG
H[SRVHGWR[UD\ILOPIRUWKLUW\VHFRQGV
Detection of Shiga-toxin expression in C. rodentium DBS100 by Western Blot. 
C. rodentium '%6FRQWDLQLQJ WKH6W[SKDJHZDVFXOWXUHG LQPO'0(0DW &DQG
USPXQWLO2' 7KHZKROHFHOOIUDFWLRQZDVUHPRYHGIURPE\FHQWULIXJDWLRQDW[JIRU
PLQXWHV6HFUHWHGSURWHLQVZHUHKDUYHVWHGDVSUHYLRXVO\GHVFULEHG3URWHLQVIRU:HVWHUQEORW
DQDO\VLV ZHUH UXQ RQ D  %LV7ULV JHO DQG WUDQVIHUUHG WR DQ $PHUVKDP (&/ 39')
PHPEUDQH *( +HDOWKFDUH &KLFDJR ,O 86$ XVLQJ WKH 1XSDJH 1RYH[ JHO WUDQVIHU V\VWHP
,QYLWURJHQ &DUOVEDG &$ 86$ 1R EORFNLQJ ZDV FDUULHG RXW 7KH PHPEUDQH ZDV LQFXEDWHG
ZLWK$QWL6W[%HWD6XEXQLWDQWLERG\FRQFHQWUDWLRQRYHUQLJKWDW&DQGZDVKHGWKUHH
WLPHVZLWK3%677KHPHPEUDQHZDVLQFXEDWHGIRURQHKRXUZLWKDQWLPRXVH+53FRQMXJDWHG
VHFRQGDU\ DQWLERG\ DW D  LQ  GLOXWLRQ LQ  PLON LQ 3%67 DQG ZDVKHG WKUHH WLPHV ZLWK
3%67 )LQDOO\ WKH PHPEUDQH ZDV GHYHORSHG ZLWK 6XSHU6LJQDO :HVW 3LFR &KHPLOXPLQHVFHQW
(&/ 7KHUPR)LVKHU VXEVWUDWH IRU ILYH PLQXWHV EHIRUH EHLQJ WUDQVIHUUHG WR D GDUN URRP LQ D
FDVVHWWHDQGH[SRVHGWR[UD\ILOPIRUWKLUW\PLQXWHV

Results: 
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Aurodox inhibits the translocation of T3SS-associated effector proteins without 
affecting growth. 
,QDSUHYLRXVVWXG\.LPXUD HWDO GHPRQVWUDWHGWKDW$XURGR[UHGXFHGWKHWUDQVORFDWLRQRI
(3(&HIIHFWRUSURWHLQVLQDFRQFHQWUDWLRQGHSHQGDQWPDQQHU:HDLPHGWRH[SORUHWKHHIIHFWRI
WKHFRPSRXQGRQRWKHU/((HQFRGLQJSDWKRJHQVSULPDULO\(+(&789DQGC. rodentium 
,&& DQG GHWHUPLQH ZKHWKHU WKH PHFKDQLVP RI 766 LQKLELWLRQ ZDV LQGHSHQGHQW RI DQ
LQKLELWLRQLQJURZWK
(DFKVWUDLQZDVFXOWXUHGLQPHGLDDSSURSULDWHIRUWKHH[SUHVVLRQRIWKH766$XURGR[ZDV
DGGHG WR WKH FXOWXUHV DW WKHSRLQW RI LQRFXODWLRQDW LQFUHDVLQJ FRQFHQWUDWLRQV UDQJLQJ IURP
JPOWRJPO0DQGEDFWHULDZHUHJURZQWKURXJKJHQHUDWLRQVWRDQ2'RI
 6XSHUQDWDQW SURWHLQV ZHUH SUHFLSLWDWHG DQG ZKROH FHOO O\VDWHV SUHSDUHG DV D FRPSDUDWRU
7KHIUDFWLRQVZHUHVHSDUDWHGZLWK6'63$*(DQGVWDLQHGZLWK&RRPDVVLH%ULOOLDQW%OXH
)RUWKHVXSHUQDWDQWIUDFWLRQVDFRQFHQWUDWLRQGHSHQGDQWUHGXFWLRQLQ766DVVRFLDWHGHIIHFWRU
SURWHLQVZDVREVHUYHG)LJXUH$7KHGRPLQDQWEDQGVIURPWKHJHOZHUHH[FLVHGWRSHUPLWLQ
JHOWU\SVLQGLJHVWLRQDQGDQDO\VLVE\WDQGHPPDVVVSHFWURPHWU\7KLVFRQILUPHGWKDWIRUDOOWKUHH
SDWKRJHQVWKHWZRPRVWGRPLQDQWEDQGVZHUHFRPSULVHGRIWKUHHZHOONQRZQHIIHFWRUSURWHLQV
7LUDQG(VS%DQG(VS')LJXUH$7DEOH6,QFRQWUDVWWKHUHZDVQRFKDQJHLQWKHSURILOHRI
WKHFHOOXODUSURWHLQV)LJXUH$LQGLFDWLQJWKDWWKHPHFKDQLVPZDVQRWGXHWRDJHQHULFEORFNLQ
SURWHLQV\QWKHVLV)XUWKHUPRUHWKHVHGDWDDOORZHGXVWRUXOHRXWDQHIIHFWRQJHQHUDOVHFUHWLRQ
DV (VS3 ZKLFK LV VHFUHWHG LQ D 6HFGHSHQGDQW PDQQHU ZDV FRQVLVWHQWO\ GHWHFWHG LQ KLJK
DEXQGDQFHHYHQDIWHU$XURGR[WUHDWPHQW7DEOH6
$WWKHKLJKHVWFRQFHQWUDWLRQXVHGJPO$XURGR[GRHVQRWLQKLELWJURZWKRI(3(&(+(&RU
C. rodentium )LJXUH % ,PSRUWDQWO\ QR VWDWLVWLFDOO\ VLJQLILFDQW GHFUHDVH LQ FHOO YLDELOLW\ ZDV
REVHUYHGGDWDQRWVKRZQ7KHUHIRUHDWWKHFRQFHQWUDWLRQRI$XURGR[XVHGWKHPHFKDQLVPRI
76 LQKLELWLRQ LV LQGHSHQGHQW RI DQ\ GHIHFW LQ JURZWK RU YLDELOLW\ 7KLV UHVXOW FRQILUPV GDWD E\
.LPXUD HW DO  VKRZLQJ QR HIIHFW RI $XURGR[ RQ JURZWK RI (3(& DQG H[WHQGV RXU
XQGHUVWDQGLQJWRWKHUHODWHGSDWKRJHQVC. rodentiumDQG(+(&
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Aurodox inhibits the ability of EHEC to attach to and efface epithelial cells.  
3UHYLRXVVWXGLHVXVLQJDPXULQH LQIHFWLRQPRGHO WHVWHG WKH LQKLELWRU\HIIHFWVRI$XURGR[RQC. 
rodentium SDWKRJHQLFLW\GHPRQVWUDWLQJDPDUNHG LPSURYHPHQW LQ WKHVXUYLYDORI LQIHFWHGPLFH
DQGDUHGXFWLRQLQFRORQGDPDJHZKHQWUHDWHGZLWK$XURGR[KRZHYHUWKHHIIHFWVZHUHQRW
GHPRQVWUDWHGDWWKHFHOOXODUOHYHO
7RLQYHVWLJDWHWKHHIIHFWVRI$XURGR[RQWKHDWWDFKPHQWRI(+(&WRKRVWFHOOVZKLFKLVNQRZQWR
EHGULYHQYLDWKH766ZHXVHGDQ in vitroLQIHFWLRQDVVD\7KHHIIHFWRI$XURGR[JPORQ
XQLQIHFWHG +H/D FHOOV ZDV WHVWHG WR FRQILUP WKHUH ZDV QR RYHUW F\WRWR[LFLW\ RI WKH FRPSRXQG
)LJXUH $ +H/D FHOOV ZHUH LQIHFWHG ZLWK  (+(& EDFWHULD FRQVWLWXWLYHO\ H[SUHVVLQJ *)3
+RVW FHOO DFWLQ F\WRVNHOHRQ ZDV VWDLQHG ZLWK 3KDOORLGLQ$OH[D ,Q DGGLWLRQ FHOO O\VLV ZDV
FDUULHG RXW WR TXDQWLI\ WKH DWWDFKHG EDFWHULD DV D SHUFHQWDJH RI WKH LQLWLDO LQQRFXOXP
(SLIOXRUHVFHQFHPLFURVFRS\ LPDJHVZHUHXVHG WRTXDQWLI\ WKH LQIHFWHGFHOOVDQG WR LQYHVWLJDWH
DQ\HIIHFWVRQFHOOPRUSKRORJ\
$WDPXWOLSOLFLW\RILQIHFWLRQRIXQWUHDWHG(+(&SURGXFHGFRQVLVWHQWLQIHFWLRQVZLWKDOO+H/D
FHOOV VKRZLQJ DGKHUHQW EDFWHULD 7KH +H/D FHOOV GLVSOD\HG PRUSKRORJLFDO FKDQJHV DVVRFLDWHG
ZLWKEDFWHULDOLQIHFWLRQLQFOXGLQJDFWLQFRQGHQVDWLRQFDXVHGE\OHVLRQIRUPDWLRQDQGFHOOURXQGLQJ
)LJXUH$$GGLWLRQRI$XURGR[VXEVWDQWLDOO\UHGXFHGERWKSKHQRW\SHVZLWKRQO\SHUFHQWRI
FHOOVEHFRPLQJ LQIHFWHGDQGDPDUNHG UHGXFWLRQ LQDWWDFKLQJDQGHIIDFLQJ OHVLRQV ,QGHHG WKH
LQIHFWLRQV E\ (+(& ZHUH W\SLFDOO\ UHVWULFWHG WR D VPDOO QXPEHU RI EDFWHULD SHU FHOO  
4XDQWLILFDWLRQRIEDFWHULDODGKHUHQFHHIILFLHQF\E\FRORQ\IRUPLQJXQLWFRXQWVVKRZHGDJUHDWHU
WKDQORJUHGXFWLRQLQ(+(&FRORQLVDWLRQZKHQWUHDWHGZLWK$XURGR[)LJXUH&GHPRQVWUDWLQJ
WKHSRWHQWDQWLYLUXOHQFHFDSDFLW\RI$XURGR[
Aurodox inhibits expression of multiple virulence genes including the Locus of 
Enterocyte Effacement (LEE). 
7RJDLQLQVLJKWVLQWRWKHSRVVLEOHPROHFXODUPHFKDQLVPXQGHUO\LQJWKHLQKLELWLRQRIWKH766ZH
XVHGZKROH WUDQVFULSWRPHDQDO\VLV(+(&ZDVJURZQLQ0(0+(3(6PJPO$XURGR[DQG
51$ ZDV H[WUDFWHG IURP WULSOLFDWH FXOWXUHV 7UDQVFULSWV ZHUH PDSSHG WR WKH (+(& ('/
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UHIHUHQFHJHQRPHDQG WKHPHDQ IROGFKDQJHZDVFDOFXODWHG ,Q WRWDO FKURPRVRPDOJHQHV
DQG IRXU S2 JHQHV ZHUH VLJQLILFDQWO\ GRZQUHJXODWHG XVLQJ D IROG FKDQJH RI  DQG DQ
('*(WHVWPYDOXHRI)LJ$DQG7DEOH6&RQVLVWHQWZLWKWKHVHFUHWLRQGDWDDQDO\VLV
RI/((WUDQVFULSWLRQUHYHDOHGGRZQUHJXODWLRQRI WKH LVODQGDIWHUWUHDWPHQWZLWK$XURGR[)LJXUH
%ZLWKRIWKH/((JHQHVVLJQLILFDQWO\GRZQUHJXODWHGLQFOXGLQJWKHPDVWHUUHJXODWRUVler 
DQGgrlA)LJXUH$DQG%$XURGR[DOVRUHSUHVVHGH[SUHVVLRQRIJHQHVHQFRGLQJQRQ/((
HQFRGHGHIIHFWRUSURWHLQVVHFUHWHGE\WKH766VXFKDV1OH%DQG(VS*0RUHRYHUWKHUHZDV
QR VLJQLILFDQW GRZQUHJXODWLRQ RI JHQHV HQFRGLQJ 766LQGHSHQGHQW HIIHFWRU SURWHLQV VXFK DV
(VS3
7KH GDWD DOVR UHYHDOHG WKDW PDQ\ JHQHV LQ WKH FRODQLF DFLG ELRV\QWKHVLV RSHURQ ZHUH
GRZQUHJXODWHGLQWKHSUHVHQFHRI$XURGR[2XULQLWLDOUHVXOWVVKRZWKDWRIWKHJHQHVLQWKLV
RSHURQDUHGRZQUHJXODWHGLQUHVSRQVHWR$XURGR[ZLWKVLJQLILFDQWFKDQJHVP  7DEOH
61RWDEO\ H[SUHVVLRQRI rcsA, DNH\ UHJXODWRU RI FRODQLFDFLGELRV\QWKHVLV WKDW LV NQRZQ WR
IRUPSDUWRIWKH/HUGHSHQGHQWUHJXORQZDVGRZQUHJXODWHGIROG7KHVHGDWDVXJJHVWWKDW
VXSSUHVVLRQRIWKHFRORQLFDFLGRSHURQLVOLNHO\GXHWRH[SUHVVLRQFKDQJHVLQWKHNH\UHJXODWRUV
5FV$ DQG /HU 7KHVH FKDQJHV FRXOG LQGLFDWH IXUWKHU SRWHQWLDO RI $XURGR[ IRU WKH WUHDWPHQW RI
(+(&LQIHFWLRQV, DVFRODQLFDFLGSURGXFWLRQLVUHTXLUHGin vivoGXULQJLQIHFWLRQ
,Q DGGLWLRQ  JHQHV ZHUH XSUHJXODWHG LQ WKH SUHVHQFH RI $XURGR[ ZKLFK LQFOXGH YDULRXV
PHWDEROLF JHQHV prpR, trpA, trpB), DQG JHQHV HQFRGLQJ VHQVRU\ SURWHLQV HJ narQ)
,PSRUWDQWO\WKHUHZDVQRXSUHJXODWLRQRI626UHVSRQVHDVVRFLDWHGJHQHVRUYLUXOHQFHJHQHV
7KH PRVW XSUHJXODWHG JHQH ZDV ecpD, D SXWDWLYH ILPEULDO FKDSHURQH SURWHLQ ZLWK D ORJ IROG
FKDQJHRI

Aurodox inhibits T3SS expression through downregulation of the master regulator Ler.  
7R FRQILUP WKH YLUXOHQFHUHODWHG $XURGR[ WDUJHWV LGHQWLILHG E\ 51$VHT ZH XVHG *)3 JHQH
UHSRUWHUDVVD\VWRYDOLGDWHREVHUYHGFKDQJHVLQJHQHH[SUHVVLRQ*)3UHSRUWHUSODVPLGVIRUler
DQGWKHKRXVHNHHSLQJJHQHrpsMZHUHLQWURGXFHGLQWRVWUDLQVDQGIOXRUHVFHQFHZDVPHDVXUHG
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GXULQJH[SRQHQWLDOSKDVH7KLVVKRZHGWKDWLQ(+(&H[SUHVVLRQRIler ZDVVLJQLILFDQWO\UHGXFHG
LQ WKHSUHVHQFHRI$XURGR[ )LJXUH&7KHUHZDVQRVLJQLILFDQWFKDQJH LQH[SUHVVLRQRI WKH
KRXVHNHHSLQJ JHQH rpsM )LJXUH &, FRQVLVWHQW ZLWK WKH 51$VHT GDWD. $ UHGXFWLRQ LQ OHU
H[SUHVVLRQ ZDV DOVR REVHUYHG IRU (3(& 6XSSOHPHQWDU\ )LJXUHV 6 LPSO\LQJ D FRPPRQ
PHFKDQLVPE\ZKLFK$XURGR[FDXVHVDUHGXFWLRQRI766H[SUHVVLRQ
Overexpression of Ler overrides EHEC inhibition of the T3SS by Aurodox
,QKLELWLRQ RI WKH 766 E\ $XURGR[ FRXOG EH H[SODLQHG E\ D QXPEHU RI PHFKDQLVPV 7KHVH
LQFOXGH'LUHFWO\LQKLELWLQJ/HUH[SUHVVLRQRUIXQFWLRQELQGLQJWRDFRPSRQHQWRIWKH766
UHVXOWLQJ LQ QHJDWLYH IHHGEDFN RI ler RU  DIIHFWLQJ DQ XSVWUHDP UHJXODWRU RI ler 7R WHVW LI
H[SUHVVLRQRIVWUXFWXUDOFRPSRQHQWVRIWKH766DIIHFWHGH[SUHVVLRQRI/HUZHXVHGDVHULHVRI
(3(& GHOHWLRQ PXWDQWV LQ YDULRXV DSSDUDWXV SURWHLQV 7KH UDWLRQDOH EHLQJ WKDW LI D VWUXFWXUDO
FRPSRQHQWZHUHDWDUJHWRI$XURGR[WKHQWKLVZRXOGKDYHWRUHVXOWLQGRZQUHJXODWLRQRIlerDQG
WKHUHIRUH WKH RWKHU JHQHV LQ WKH 766 DQG WKH ZLGHU /HU UHJXORQ +RZHYHU DQDO\VLV RI IRXU
VWUXFWXUDO FRPSRQHQWVRI WKH766DSSDUDWXVSURWHLQV VKRZHG WKDW WKHUHZDVQRHIIHFW RQ ler
WUDQVFULSWLRQ ZKHQ DVVD\HG XVLQJ D *)3 UHSRUWHU )LJXUH $ 0RUHRYHU DGGLWLRQ RI $XURGR[
UHVXOWHGLQUHGXFHGH[SUHVVLRQRIlerLQERWK:7(+(&DQGDQescCGHOHWLRQPXWDQW)LJXUH%
7KHVH GDWD VKRZ WKDW WKHUH LV QR DSSDUHQW IHHGEDFN IURP VWUXFWXUDO FRPSRQHQWV RQ WKH
H[SUHVVLRQRIWKHPDVWHUUHJXODWRURIWKH766LWVHOIDQGWKDW$XURGR[UHVXOWVLQGRZQUHJXODWLRQ
RIlerLUUHVSHFWLYHZKHWKHUWKH766LVIXOO\DVVHPEOHGRUQRW
:H WKHQTXHVWLRQHG LI D UHJXODWRUXSVWUHDPRUGRZQVWUHDPRI/HUZDV WKH WDUJHW 7RDGGUHVV
WKLV(+(&ZDVWUDQVIRUPHGZLWKWKHS96SODVPLGHQFRGLQJlerXQGHUWUDQVFULSWLRQDOFRQWURORI
DQ DUDELQRVHLQGXFLEOH SURPRWHU  %\ VHOHFWLYHO\ RYHUSURGXFLQJ /HU ZH FRXOG WHVW WKH
VHQVLWLYLW\RI(+(&WR$XURGR[PHGLDWHG766LQKLELWLRQ7KHWUDQVIRUPHGVWUDLQZDVJURZQ LQ
PHGLDWRLQGXFH/((H[SUHVVLRQERWKLQWKHSUHVHQFHDQGDEVHQFHRIJPO$XURGR[DQG
DUDELQRVH WR LQGXFHH[SUHVVLRQRI/HU7KH IUDFWLRQVZHUHDQDO\VHGXVLQJ LPPXQREORWWLQJZLWK
DQWLERGLHVDJDLQVWWKH766SURWHLQ7LU,QWKHDEVHQFHRIDUDELQRVHXQLQGXFHG/HUWKHDGGLWLRQ
RI $XURGR[ UHVXOWV LQ 766 LQKLELWLRQ DV VHHQ LQ SUHYLRXV H[SHULPHQWV )LJXUH & +RZHYHU
RYHUH[SUHVVLRQRI/HUE\DGGLWLRQRIDUDELQRVHFRPSOHWHO\RYHUFRPHV WKHSKHQRW\SHRI766
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PHGLDWHG UHSUHVVLRQ QRUPDOO\ DVVRFLDWHG ZLWK DGGLWLRQ RI $XURGR[ )LJXUH & 7KLV UHVXOW
LQGLFDWHV WKDW $XURGR[ DFWV E\ HLWKHU GLUHFWO\ DFWLQJ RQ /HU RU E\ D PHFKDQLVP LQYROYLQJ DQ
XSVWUHDPUHJXODWRURI/HU

Aurodox does not induce the SOS response in EHEC.
$QWLPLFURELDO FRPSRXQGV WKDW LQGXFH '1$ GDPDJH DUH NQRZQ WR VWLPXODWH WKH EDFWHULDO 626
UHVSRQVH$NH\SURWHLQLQWKLVUHJXORQLV5HF$DFRSURWHDVHWKDWIXQFWLRQVLQWKHDXWRFDWDO\WLF
FOHDYDJHRIWKH/H[$DQGWKHȜUHSUHVVRUVUHVXOWLQJLQGHUHSUHVVLRQRIDSSUR[LPDWHO\JHQHV
LQYROYHG LQ WKH 626 UHVSRQVH DQG LPSRUWDQWO\ DQ LQFUHDVHG H[SUHVVLRQ RI EDFWHULRSKDJH
HQFRGHG6W[$VDSRWHQWLDOWUHDWPHQWIRU(+(&LQIHFWLRQZHWKHUHIRUHDLPHGWRLQYHVWLJDWH
LI$XURGR[KDGDQ\XQGHVLUDEOHHIIHFWVRQ6W[H[SUHVVLRQ51$VHTWUDQVFULSWRPHGDWDGLGQRW
UHYHDO GLIIHUHQWLDO H[SUHVVLRQ RI 626 UHJXODWHG JHQHV DV GHILQHG E\ )HUQiQGH] HW DO  LQ
UHVSRQVH WR $XURGR[ 7R YDOLGDWH WKLV (+(& ZDV WUDQVIRUPHG ZLWK D SODVPLG FRQWDLQLQJ a 
SrecA-gfp IXVLRQ DQG JHQH H[SUHVVLRQ PHDVXUHG RYHU D WLPH FRXUVH )LJXUH  &LSURIOR[DFLQ
ZDVXVHGDSRVLWLYHFRQWURORI5HF$H[SUHVVLRQDQGSURYLGHGORJIROGVWLPXODWLRQFRPSDUHGZLWK
WKHXQLQGXFHGFRQWURO)LJXUH,QFRQWUDVWWKHGDWDVKRZWKDW$XURGR[GRHVQRWLQGXFHrecA 
WUDQVFULSWLRQLQ(+(&DWIRXUDQGHLJKWKRXUWLPHSRLQWV)LJXUH7KHGDWDLPSO\WKDWDGGLWLRQ
RI $XURGR[ GRHV QRW LQGXFH WKH 626 UHVSRQVH DQG WKHUHIRUH E\ LPSOLFDWLRQ 6W[ H[SUHVVLRQ
HQKDQFLQJWKHSRWHQWLDORIWKHFRPSRXQGWREHXVHGDVDWUHDWPHQWIRU(+(&LQIHFWLRQV
7RWHVWWKLVK\SRWKHVLVZHGLUHFWO\H[DPLQHGWKHHIIHFWRI$XURGR[RQ6W[H[SUHVVLRQ in vitro7R
WHVW WKLV Citrobacter rodentium '%6 ZDV XVHG 7KLV VWUDLQ KDV EHHQ O\VRJHQL]HG E\ DQ
6W[GDFWSURGXFLQJSKDJHDQGSURGXFHVIXQFWLRQDO6W[7KLVVWUDLQZDVFXOWXUHGLQWKHSUHVHQFH
RI$XURGR[&LSURIOR[DFLQDQG$XURGR[DQG&LSURIOR[DFLQ7KHVHFUHWHGSURWHLQVZHUHKDUYHVWHG
DQGSUREHGXVLQJDQDQWLERG\IRUWKHEHWDVXEXQLWRIWKH6KLJDWR[LQ)LJXUH%7KHUHVXOWLQJ
EDQGVVKRZHGWKDW$XURGR[GRHVQRWLQGXFHWKHH[SUHVVLRQRI6W[LQFRQWUDVWWR&LSURIOR[DFLQ
7KHVH ILQGLQJV WKHUHIRUHHQKDQFHWKHSRWHQWLDORI WKHFRPSRXQGWREHXVHGDVD WUHDWPHQW IRU
(+(&LQIHFWLRQV

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Discussion
7KHFHQWUDOUROHRI766VLQWKHSDWKRJHQHVLVRIPDQ\EDFWHULDOVSHFLHVSURYLGHVWKHLPSHWXVWR
GHYHORSVWUDWHJLHVWKDW LQWHUIHUHZLWKWKHLU IXQFWLRQ7RWKLVHQG³YLUXOHQFHEORFNHUV´KDYHEHHQ
GHVFULEHG WKDW VHOHFWLYHO\ WDUJHW WKH H[SUHVVLRQ RU IXQFWLRQ RI 766V LQ D QXPEHU RI EDFWHULDO
VSHFLHV LQFOXGLQJY. pseudotuberculosisSalmonellaVHURYDU7\SKLPXULXPDQGC. pneumoniae 
 :KLOVW VFUHHQLQJ SURJUDPPHV FDQ UHDGLO\ ILQG FRPSRXQGV WKDW LQKLELW WKH 766
LGHQWLI\LQJ LQKLELWRUV WKDW ZRUN ERWK in vitro DQG in vivo ZLWK KLJK VHOHFWLYLW\ KDV SURYHQ
FKDOOHQJLQJ7KHUHIRUHWKHGLVFRYHU\WKDW$XURGR[FRXOGSURWHFWPLFHIURPDOHWKDOLQIHFWLRQZLWK
C. rodentiumE\.LPXUDet alZDVDQLPSRUWDQWREVHUYDWLRQ
,Q WKLVVWXG\ZHDWWHPSWHGWRDGGUHVV WKUHHTXHVWLRQV)LUVWFDQ$XURGR[EORFNWKHIXQFWLRQRI
WKH766LQ(+(&2+DVZHOODV(3(&DQGC. rodentium"7KLV LVLPSRUWDQWWRDGGUHVV
EHFDXVH WKHUH DUH YHU\ OLPLWHG WUHDWPHQW RSWLRQV IRU (+(& LQIHFWLRQV GXH WR FRPSOLFDWLRQV
DVVRFLDWHG ZLWK 6KLJD WR[LQ H[SUHVVLRQ 6HFRQG DUH WKHUH LQKLELWRUVSHFLILF WUDQVFULSWLRQDO
UHVSRQVHV WKDW PD\ KHOS XV XQGHUVWDQG WKH PRGH RI DFWLRQ" 7KLUGO\ GRHV $XURGR[ DOWHU WKH
EDFWHULDOWKH626UHVSRQVHDIIHFWLQJH[SUHVVLRQRIEDFWHULRSKDJHHQFRGHG6W["
,Q DJUHHPHQW ZLWK .LPXUD HW DO  ZH REVHUYHG WKDW $XURGR[ UHVXOWHG LQ D FRQFHQWUDWLRQ
GHSHQGHQWLQKLELWLRQRI76LQ(3(&DQGC. rodentium. 7KHVDPHUHVXOWZDVIRXQGLQ(+(&D
UHVXOW WKDW VKRZV D OLNHO\ FRPPRQ PHFKDQLVP RI LQKLELWLRQ ,PSRUWDQWO\ DW WKH FRQFHQWUDWLRQV
XVHGWKHUHZHUHQRHIIHFWVRQEDFWHULDOJURZWKUDWHRUYLDELOLW\LQDQ\RIWKHVSHFLHVWHVWHG7KLV
ILQGLQJ VXJJHVWV WKDW WKH PHFKDQLVP E\ ZKLFK $XURGR[ LQKLELWV WKH 766 LV GLVWLQFW IURP WKH
UHSRUWHGWDUJHWRIEDFWHULFLGDODFWLYLW\HORQJDWLRQIDFWRU7X()7XDYLWDOFRPSRQHQWRIWKH
SURWHLQELRV\QWKHVLVPDFKLQHU\,WLVQRWDEOHWKDW$XURGR[LVDQH[WUHPHO\SRRUDQWLELRWLFDJDLQVW
E. coli ZLWK SUHYLRXV ZRUN VKRZLQJ OLPLWHG LQKLELWLRQ ]RQHV DW  PJPO VRPH î WKH
FRQFHQWUDWLRQVXVHGWRLQKLELWWKH766)XUWKHUPRUHWKHGLVWLQFWQDWXUHRIWKHPHFKDQLVPV
RI 76 LQKLELWLRQ DQG EDFWHULFLGDO DFWLYLW\ KDYH SRVLWLYH LPSOLFDWLRQV IRU UHVLVWDQFH $OWKRXJK
UHVLVWDQFH WR $XURGR[ DV DQ DQWLELRWLF PD\ DULVH WKURXJK PXWDWLRQV LQ (IWX WKHVH PXWDWLRQV
ZRXOGQRWFRQIHUUHVLVWDQFHWR$XURGR[DVDQLQKLELWRURIWKH766RUUHVWRUHYLUXOHQFH$OWKRXJK
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LW LV SRVVLEOH PXWDWLRQV LQ ler RU LWV UHJXODWRUV PD\ UHVXOW LQ UHVLVWDQFH WR $XURGR[ DV D 76
LQKLELWRUWKHVHZRXOGQRWEHVWURQJO\VHOHFWHGIRULQWKHVDPHZD\DVFRQYHQWLRQDODQWLELRWLFV
2XU WUDQVFULSWRPLF GDWD SURYLGHV WKH ILUVW LQVLJKW LQWR KRZ $XURGR[ DIIHFWV JOREDO JHQH
H[SUHVVLRQ 5HPDUNDEO\ RQO\  RI WKH JHQRPH VKRZHG D VLJQLILFDQW XS RU GRZQVKLIW LQ
WUDQVFULSWLRQ 7KLV VKRZV H[FHOOHQW VSHFLILFLW\ DQG VHOHFWLYLW\ RI LQKLELWLRQ ERWK YHU\ GHVLUDEOH
TXDOLWLHVIRUDQDQWLYLUXOHQFHFRPSRXQG3HUKDSVSUHGLFWDEO\PXFKRIWKH/((ZDVVHHQWR
EHGRZQUHJXODWHGLQFOXGLQJWUDQVFULSWLRQRIWKHPDVWHUUHJXODWRUVler DQGgrlA)XUWKHUPDQ\
RIWKHJHQHVDIIHFWHGZHUHSDUWRIWKH/HUUHJXORQVXJJHVWLQJDPRGHRIDFWLRQFHQWUHGDURXQG
WKLV SURWHLQ &ULWLFDOO\ RYHUH[SUHVVLRQ RI /HU E\ DQ LQGXFLEOH H[SUHVVLRQ V\VWHP FRPSOHWHO\
RYHUULGHV WKHHIIHFWV RI$XURGR[RQ VHFUHWLRQRI7LU YLD WKH766 2XU GDWDDOVR FRQILUP WKDW
GHOHWLRQ RI FRPSRQHQWV RI WKH 766 V\VWHP VXFK DV VWUXFWXUDO SURWHLQV GRHV QRW OHDG WR
WUDQVFULSWLRQDO IHHGEDFN RQ LEE1 ,Q FRQMXQFWLRQ ZLWK WKH WUDQVFULSWRPLFV GDWD RXU ZRUNLQJ
PRGHO LV WKDW $XURGR[ ELQGV D WDUJHW WKDW DIIHFWV WUDQVFULSWLRQ RI ler 7KH FRPSOH[LW\ DQG KLJK
PROHFXODUZHLJKWRI$XURGR[VXJJHVWV WKDW WKHFRPSRXQGPD\KDYH WKHDELOLW\ WRFRPSURPLVH
WKH LQWHJULW\ RI WKH RXWHU PHPEUDQH RQ FHOO HQWU\ DQG KHQFH DFWLYDWH WKH PHPEUDQH VWUHVV
UHVSRQVH VLJPD IDFWRU 5SR( ,QFUHDVHGH[SUHVVLRQRI WKLV VLJPD IDFWRU KDVEHHQ UHSRUWHG WR
UHGXFH 76 YLD GRZQUHJXODWLRQ RI ler SDUWLFXODUO\ LQ WKH SUHVHQFH RI =LQF  +RZHYHU RXU
WUDQVFULSWRPDODQDO\VLVKDVVKRZQIROGGRZQUHJXODWLRQRI WKHVLJPDIDFWRUDQG WKHUHIRUH
ZHEHOLHYHWKLVSDWKZD\LVXQOLQNHG(OXFLGDWLQJVSHFLILFWDUJHWVIRUDQWLYLUXOHQFHFRPSRXQGVLV
RIWHQFKDOOHQJLQJDQGSURYLQJDVSHFLILFWDUJHWIRU$XURGR[ZRXOGEHSUREOHPDWLFEHFDXVHLW
LVDFRPSOH[QDWXUDOSURGXFWPDNLQJODEHOOLQJRUPRGLILFDWLRQH[WUHPHO\GLIILFXOW
:H KDYH DOVR GHPRQVWUDWHG IRU WKH ILUVW WLPH WKDW $XURGR[ GRHV QRW VWLPXODWH H[SUHVVLRQ RI
5HF$DNH\SURWHLQWKDWKHOSVPHGLDWHWKH626UHVSRQVHLQE. coli 7KH626UHVSRQVHLV
NQRZQWREHDNH\UHJXODWRURIODPEGRLGEDFWHULRSKDJHWUDQVFULSWLRQE\VWLPXODWLQJDXWRFOHDYDJH
RI WKH SKDJH UHSUHVVRU F, LQ UHVSRQVH WR '1$ GDPDJH WULJJHULQJ D FDVFDGH WKDW OHDGV WR
WUDQVFULSWLRQRIWKH4DQWLWHUPLQDWRUWUDQVFULSWDQGWKHO\WLFF\FOH$VERWKWKHstxADQGstxB
JHQHV LQ (+(& VWUDLQV DUH ORFDWHG RQ WKH JHQRPHV RI UHVLGHQW SURSKDJHV  LW LV QRW
VXUSULVLQJ WKDW WKH\DUHXSUHJXODWHGE\ WKH626UHVSRQVH WKDWFDQ LQGXFHGE\ WUHDWPHQWV WKDW
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GDPDJHEDFWHULDO'1$LQFOXGLQJ89OLJKWVHOHFWHGDQWLELRWLFVDQGPLWRP\FLQ&7KLVUHVSRQVH
WRWUDGLWLRQDOEURDGVSHFWUXPDQWLELRWLFVKDVPDGHWUHDWPHQWRI(+(&SUREOHPDWLFDQGKLJKOLJKWV
DQ LPSRUWDQW DGYDQWDJH RI $XURGR[ LW FDQ VXSSUHVV YLUXOHQFH ZLWKRXW WKH ³VWLQJ LQ WKH WDLO´
DVVRFLDWHGZLWK6KLJDWR[LQH[SUHVVLRQDQGGDPDJH
$ IXUWKHU LQWHUHVWLQJ DVSHFW RI $XURGR[ ELRORJ\ ZRXOG EH WR H[SORUH DQ\ ZLGHU HIIHFWV RQ WKH
PLFURELRWD7KHJXWPLFURELRWDKDVORQJEHHQUHFRJQL]HGWRFRQWULEXWHWRKHDOWKDQGGLVHDVHE\
LQIOXHQFLQJ JXW PDWXUDWLRQ KRVW QXWULWLRQ DQG SDWKRJHQ UHVLVWDQFH  0RUHRYHU WKH GHQVLW\
DQGGLYHUVLW\RIWKHJXWPLFURELRWDRIIHUVDPSOHRSSRUWXQLWLHVIRUWKHKRUL]RQWDOWUDQVIHURIJHQHWLF
PDWHULDO LQFOXGLQJDQWLELRWLFUHVLVWDQFHJHQHV7KHUHIRUHLWZRXOGEHLPSRUWDQWWRXQGHUVWDQGLI
$XURGR[ ZDV LQGHHG KLJKO\ WDUJHWHG WRZDUGV D VPDOO VXEVHW RI SDWKRJHQV RU LI LW KDG DQ\
XQGHVLUDEOHHIIHFWVRQWKHZLGHUJXWPLFURELRWDZKLFKFRXOGEHPRQLWRUHGXVLQJPHWKRGVVXFK
DVPHWDJHQRPLFV2YHUDOORXUZRUNVKRZVWKDW$XURGR[ZRUNVLQDKLJKO\WDUJHWHGPDQQHUWKDW
VXSSRUWV LWV VWURQJ FRQVLGHUDWLRQ IRU UHSXUSRVLQJ DV WUHDWPHQW DJDLQVW (+(& LQIHFWLRQ LQ
KXPDQV
Acknowledgements: 
:HWKDQN/LDP5RRQH\8QLYHUVLW\RI6WUDWKFO\GHIRUKLVDGYLFHRQWKHPDQXVFULSWDQG5LFKDUG
%XUFKPRUH*ODVJRZ3RO\RPLFVIRUDGYLFHUHJDUGLQJSURWHRPLFV
50 ZRUN ZDV IXQGHG E\ WKH 8QLYHUVLW\ RI *ODVJRZ 0HGLFLQH 9HWHULQDU\ DQG /LIH 6FLHQFHV
'RFWRUDO 7UDLQLQJ 3DUWQHUVKLS DQG WKH 8QLYHUVLW\ RI 6WUDWKFO\GH -35 12% DQG $-5 DUH
VXSSRUWHGE\%%65&IXQGLQJ%%0	%%5
 
 
 
 
 
 
 
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Figure legends: 
Figure 1. Aurodox inhibits secretion of T3SS-associated effector proteins in EPEC, EHEC 
and Citrobacter rodentium without effecting bacterial growth. $ 6HFUHWHGSURWHLQIUDFWLRQV
ZHUHSUHSDUHGE\FXOWXULQJVWUDLQVLQ76LQGXFLQJPHGLDDQGSUHFLSLWDWLQJIURPWKHVXSHUQDWDQW
XVLQJ7ULFKORURDFHWLF$FLG:KROHFHOO IUDFWLRQVZHUHSUHSDUHGE\ O\VLVRIFHOOSHOOHWV6DPSOHV
ZHUH UHVROYHG XVLQJ 6'6 JHOHOHFWURSKRUHVLV IROORZHG E\ &RRPDVVLH VWDLQLQJ 0DUNHG SURWHLQ
EDQGV ZHUH H[FLVHG DQG WU\SVLQGLJHVWHG IRU 0DVV 6SHFWURPHWU\ LGHQWLILFDWLRQ RI SURWHLQV. %
$XURGR[GRHVQRW LQKLELW WKHJURZWKRI(3(&(+(&RUC. rodentium LQ7\SH7KUHH6HFUHWLRQ
,QGXFLQJPHGLD(+(&ZDVJURZQLQ0(0+(3(6PHGLDDQG(3(&C. rodentium ZHUHJURZQ
LQ '0(0 *URZWK UDWHV ZHUH GHWHUPLQHG VSHFWURSKRWRPHWULFDOO\ 2' Q    (UURU EDUV
SORWWHG DUH VWDQGDUG GHYLDWLRQ IURP WKH PHDQ &KDQJHV LQ JURZWK ZHUH QRW VWDWLVWLFDOO\
VLJQLILFDQW
Figure 2. Effect of Aurodox on EHEC infection of epithelial cells and A/E lesion formation. 
$5HSUHVHQWDWLYHPLFURVFRS\LPDJHVIURP(+(&FHOOLQIHFWLRQDVVD\&HOOVZHUHLQIHFWHGZLWK
(+(&FHOOVWUDQVIRUPHGZLWKSrpsM-gfpJUHHQWRIDFLOLWDWHTXDQWLILFDWLRQDQGLPDJLQJ+H/D
FHOOV ZHUH DFWLQVWDLQHG ZLWK 3KDORLGLQ$OH[D )OXRU  UHG DQG PRXQWHG LQ 9HFWDVKLHOG ZLWK
'$3, EOXH 6FDOH EDU UHSUHVHQWV  ȝP ,QVHW SDQHOV FRQWDLQ D ; PDJQLILFDWLRQ RI WKH
LQGLFDWHG DUHD % &RORQLVDWLRQ ZDV TXDQWLWDWHG E\ FRXQWLQJ WKH QXPEHUV RI FHOOV SRVVHVVLQJ
(+(&RQWKHLUVXUIDFHDQGH[SUHVVLQJDVDSHUFHQWDJHRIWKHWRWDO&)ROORZLQJLQIHFWLRQ+H/D
ZHUH ZDVKHG WR UHPRYH QRQDGKHUHQW EDFWHULD DQG VXEVHTXHQWO\ O\VHG WR UHOHDVH FRORQLVHG
EDFWHULD 7KH &)8 RI (+(& LQ WKH O\VDWH ZDV HQXPHUDWHG DQG FRORQLVDWLRQ HIILFLHQF\ ZDV
FDOFXODWHGE\H[SUHVVLQJDVDSHUFHQWDJHRIWKHLQRFXOXP6LJQLILFDQFHZDVFDOFXODWHGE\SDLUHG
6WXGHQW¶VtWHVWP P 
Figure 3. Transcriptional changes induced by Aurodox in EHEC $ 9HQQ GLDJUDP
UHSUHVHQWLQJ RYHUODS EHWZHHQ JHQHV VLJQLILFDQWO\ GRZQUHJXODWHG E\ $XURGR[ !  IROG P 
DQG/((JHQHV%+HDWPDSUHSUHVHQWDWLRQRI/RJIROGFKDQJHLQJHQHH[SUHVVLRQDIWHU
WUHDWPHQWZLWK$XURGR[&(IIHFWRI$XURGR[RQH[SUHVVLRQRI lerDQGWKHKRXVHNHHSLQJJHQH
rpsM. $XURGR[ ZDV DGGHG DW  JPO DQG H[SUHVVLRQ PHDVXUHG DIWHU  KRXUV RI JURZWK
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([SUHVVLRQRIrpsMZDVQRWVLJQLILFDQWO\DOWHUHGLQFRQWUDVWWRWKDWRI/HUP  (UURUEDUV
SORWWHGDUHHTXLYDOHQWWRWKH6'IURPWKHPHDQQ 
Figure 4. Transcriptional repression of ler does not occur as a result of the interaction of 
Aurodox with the type three secretion needle. $$QDO\VLVRIler H[SUHVVLRQLQ(3(&PXWDQWV
GHOHWHGIRUJHQHVHQFRGLQJVWUXFWXUDOFRPSRQHQWVRIWKH7660XWDQWVWUDLQVZHUHWUDQVIRUPHG
ZLWK Sler-gfp. 2SWLFDO 'HQVLW\ DQG IOXRUHVFHQFH ZHUH PHDVXUHG DW KRXUO\ LQWHUYDOV DQG ler
H[SUHVVLRQZDVTXDQWLILHG LQ5HODWLYH)OXRUHVFHQFH8QLWV IOXRUHVFHQFH2' %5HODWLYH ler 
H[SUHVVLRQ GXULQJ H[SRQHQWLDO SKDVH LQ :7 (3(& YV (3(&ǻescC WUHDWHG ZLWK $XURGR[
([SUHVVLRQ RI ler LQ WUHDWHG VDPSOHV LV H[SUHVVHG DV D SHUFHQWDJH RI XQWUHDWHG VDPSOHV &
(IIHFW RI /HU RYHUH[SUHVVLRQ RQ WKH $XURGR[ SKHQRW\SH $UDELQRVH ZDV DGGHG WR LQGXFH
H[SUHVVLRQDQGWKHHIIHFWRI$XURGR[RQ7LUH[SUHVVLRQZDVGHWHUPLQHGE\LPPXQREORWWLQJ 
Figure 5. Analysis of the effect of Aurodox on RecA-mediated Stx expression. $$QDO\VLV
RIin vitrorecAJISH[SUHVVLRQLQ$XURGR[WUHDWHG(+(&. $XURGR[DQGFLSURIOR[DFLQZHUHDGGHG
DW0(UURUEDUVFRUUHVSRQGWR6'IURPWKHPHDQZLWKQ PYDOXHV IRU$XURGR[ WUHDWHG
YHUVXV&LSURIOR[LFLQWUHDWHGZHUH%,PPXQREORWDQDO\VLVRI6W[H[SUHVVLRQLQXQWUHDWHG
$XURGR[ WUHDWHG &LSURIOR[DFLQ WUHDWHG DQG $XURGR[  &LSURIOR[DFLQ WUHDWHG C. rodentium 
'%63ULPDU\DQWLERGLHVIRU6KLJDWR[LQ%VXEXQLWN'DZHUHXVHG

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